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Introduction:  Media  presentations  of  e-cigarettes  may  affect  perception  of  the  devices  which  may  inﬂu-
ence  use.
Objectives:  To assess  in a cohort  of past-year  smokers  (1)  if perceived  harm  of  e-cigarettes  relative  to
cigarettes  changed  over  time,  (2)  predictors  of perceived  relative  harm,  (3)  if perceived  relative  harm
predicted  subsequent  e-cigarette  use  among  never-users.
Methods:  Longitudinal  web-based  survey  of a general  population  sample  of  British  smokers  and  ex-
smokers,  waves  in  2012  (n =  4553),  2013  and  2014  (44%,  31%  response  rate,  respectively).  Changes  over
time  were  assessed  using  Friedman  and  McNemar  tests,  n  =  1204.  Perceived  relative  harm  at  wave  3
was regressed  onto  perceived  relative  harm at  waves  1  and  2, while  adjusting  for  socio-demographics
and  change  in smoking  and  e-cigarette  status,  n  =  1204.  Wave  2 e-cigarette  use  among  1588 wave  1
never-users  was  regressed  onto  wave  1 socio-demographics,  smoking  status  and  perceived  relative  harm.
Results: Perceived  relative  harm  changed  (2 =  20.67,  p <  0.001);  the  proportion  perceiving  e-cigarettes  to
be  less  harmful  than cigarettes  decreased  from  2013  to 2014  (2 =  16.55,  p  <  0.001).  Previous  perception
of  e-cigarettes  as  less  harmful,  having  tried e-cigarettes  and  having  stopped  smoking  between  waves
predicted  perceiving  e-cigarettes  as  less  harmful  than  cigarettes.  Perceiving  e-cigarettes  to  be  less  harmful
than  cigarettes  predicted  subsequent  use,  adjusting  for other  characteristics  (OR  =  1.39;  95% CI: 1.08–1.80,
p =  0.011).
Conclusion:  Among  a cohort  of smokers  and  ex-smokers,  accurately  perceiving  e-cigarettes  as  less  harmful
than smoking  predicted  subsequent  e-cigarette  use  in never-users;  this  perception  declined  over  time.
Clear  information  on  the  relative  harm  of  cigarettes  and  e-cigarettes  is  needed.
©  2015  The  Authors.  Published  by  Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the  CC  BY
license  (http://creativecommons.org/licenses/by/4.0/).. Introduction
Combustible tobacco cigarettes (referred to as cigarettes in the
emainder of this article) kill between half and two thirds of con-
inuing smokers (Banks et al., 2015; Doll et al., 2004). It is primarily
he nicotine in cigarettes that produces the addiction to tobacco
ut most of the health harms of smoking are related to other com-Please cite this article in press as: Brose, L.S., et al., Perceived relative h
use. A survey with 1-year and 2-year follow-ups. Drug Alcohol Depen
onents of cigarette smoke (Benowitz, 2009). Electronic cigarettes
e-cigarettes) deliver nicotine without burning tobacco. While the
ong-term health effects of e-cigarettes are as yet unknown and
∗ Corresponding author at: Department of Addictions, Institute of Psychiatry,
sychology and Neuroscience, King’s College London, 4 Windsor Walk, London SE5
BB, UK. Tel.: +44 2078480445.
E-mail address: leonie.brose@kcl.ac.uk (L.S. Brose).
ttp://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
376-8716/© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access may  differ across brands, types and usage (Britton and Bogdanovica,
2014; Cheng, 2014; Goniewicz et al., 2014; Kosmider et al., 2014),
a group of experts with expertise in nicotine and tobacco research
from different disciplines estimated that e-cigarettes are likely to
be at least 95% less harmful than cigarettes (Nutt et al., 2014).
Whilst the exact ﬁgure is still to be determined, most experts
agree that continued smoking of cigarettes will be more harmful
to an individual’s health than using e-cigarettes (Farsalinos and
Polosa, 2014; Grana et al., 2014). The potential harms and bene-
ﬁts and appropriate regulation of e-cigarettes are being publically
discussed extensively among experts (Letter from 56 Specialists
in Nicotine Science and Public Health Policy, 2014; Letter fromarm of electronic cigarettes over time and impact on subsequent
d. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
129 Signatories, 2014; McNeill et al., 2014). These discussions
are not limited to the scientiﬁc community; many media reports
cover e-cigarettes, and although no reliable data are available,
reports may  often focus on rising prevalence of use, explosions or
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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oisoning linked to them (for example Meikle, 2014; BBC, 2014,
015). Media reports, increased use (McMillen et al., 2014;
ichardson et al., 2014a) and advertising (Bauld et al., 2014;
cCarthy, 2014; Richardson et al., 2014a) may  affect perceptions
f the relative harm of e-cigarettes, particularly in the absence
f equally intense discussion of the enormous health harms of
igarettes.
Perceived harm or perceived risk inﬂuence behaviour and in the
eld of smoking, associations between harm perception and use
ave for example been reported for nicotine replacement therapy
nd smokeless tobacco (O’Connor et al., 2007; Shiffman et al., 2008).
owever, this association has not consistently been found; one
tudy of adult smokers in England reported no association between
erceived harm of long-term nicotine replacement therapy and
eported use (Black et al., 2012).
Cross-sectional studies have found associations between lower
erceived harm of e-cigarettes and e-cigarette use (Adkison et al.,
013; Amrock et al., 2015; Pokhrel et al., 2015; Richardson et al.,
014b). However, no studies have documented whether percep-
ions of e-cigarette harm prospectively predict e-cigarette use.
ecause previous use may  affect harm perception, it is important
o use longitudinal data to assess whether harm perceptions inﬂu-
nce use among those who have never previously used e-cigarettes.
dditionally, because of the public debate and insofar as percep-
ions are associated with use, it is important to track perceptions of
-cigarettes over time and to assess socio-demographic and smok-
ng predictors of those perceptions.
This study had three speciﬁc aims. First, to assess whether the
erceived harm of e-cigarettes relative to cigarettes changed over
 two-year period (2012 to 2014) in a cohort of smokers and ex-
mokers. Second, to assess predictors of perception of e-cigarettes
s less harmful than cigarettes; and third, to assess whether
erceived relative harm in 2012 predicted subsequent e-cigarette
se in 2013 among respondents who had never previously used an
-cigarette while adjusting for demographics and smoking status.
. Methods
.1. Design and sample
We used data from a longitudinal web-based survey of a national general pop-
lation sample of smokers and ex-smokers (past year at baseline) in Great Britain.
embers of an online panel managed by Ipsos MORI were invited to participate in
 survey about smoking. Those who accepted (n = 23,785) were screened and past-
ear  smokers (n = 6165) were eligible for the survey. Quotas were imposed to ensure
road representativeness by sex, age, and region. Wave 1 (November/December
012) was completed by 5000 respondents, of whom 4553 were aware of e-
igarettes. Of those aware of e-cigarettes at wave 1, n = 2011 respondents (44.2%)
ompleted wave 2 in December 2013 and n = 1407 (30.9%) wave 3 in December
014. Wave 1 sample characteristics were broadly similar to those of represen-
ative samples from a household survey (Brown et al., 2014; Fidler et al., 2011).
ave 1 characteristics including perceived relative harm have been described pre-
iously (Brown et al., 2014) and data from waves 1 and 2 have been used to assess
ssociations of e-cigarette use with changes in smoking behaviour (Brose et al.,
015; Hitchman et al., 2015). Overall, 1217 respondents were aware of e-cigarettesPlease cite this article in press as: Brose, L.S., et al., Perceived relative h
use. A survey with 1-year and 2-year follow-ups. Drug Alcohol Depen
hroughout and rated their perceived relative harm at all three waves.
To address aims 1 and 2, thirteen respondents who were unsure at any wave
bout their smoking status or whether they had tried e-cigarettes were excluded,
eaving 1204 respondents for analysis. To address aim 3, 416 wave 1 users and seven
ho  were unsure about their smoking or whether they had tried e-cigarettes were
able 1
ave 1 characteristics of those followed up at wave 2 and those lost to follow-up.
Followed up 
Age, mean, standard deviation 46.4, 15.5 
Female  (%) 41.8 
Some  higher education (%) 35.4 
Annual  income >£30,000 (%) 37.9 
Tried  e-cigarette (%) 35.2 
Perceived e-cigarettes as less harmful (%) 66.8 
Current smoker (%) 87.1  PRESS
pendence xxx (2015) xxx–xxx
excluded, leaving data from 1588 respondents who  were not using e-cigarettes at
wave 1 and were followed up at wave 2. Secondary analysis included 364 respon-
dents who  had never used e-cigarettes at wave 2 and were followed up at wave
3.
2.2. Measures
Demographics included age (continuous, for main analyses grouped as 18 to 24;
25  to 39; 40 to 54; 55 and over), gender (male; female), education (collapsed into: no
higher education; some higher education; don’t know/prefer not to say) and annual
household income (collapsed into: ≤£30,000; >£30,000; don’t know/prefer not to
say).
At each wave, participants were asked if they had ever tried an electronic
cigarette (yes; no; don’t know). This was used to determine e-cigarette trial status
(tried prior to wave 1; tried between wave 1 and 3; never tried). Perceived relative
harm was rated at each wave using the question: “Do you think electronic cigarettes
are  more harmful than regular cigarettes, less harmful, or are they equally harmful
to  health? (a) more harmful than regular cigarettes; (b) equally harmful; (c) less
harmful than regular cigarettes; (d) don’t know”. For analysis, the response options
were dichotomised into less harmful (c) and all other, inaccurate, responses (a, b
and d).
Current e-cigarette use among those who had tried an e-cigarette was  deter-
mined using the question: “How often, if at all, do you currently use an electronic
cigarette? (a) daily; (b) less than daily, but at least once a week; (c) less than weekly,
but  at least once a month; (d) less than monthly; (e) not at all; (f) don’t know”. For
analysis, responses were collapsed into any current use (a–d) and non-use (e); (f)
was excluded. Smoking status was determined using the question: “Which of the
following best applies to you? (a) I smoke cigarettes (including hand-rolled) every-
day; (b) I smoke cigarettes (including hand-rolled) but not every day; (c) I do not
smoke cigarettes at all but I do smoke tobacco of some kind (e.g. pipe or cigar); (d)
I  have stopped smoking completely in the last year; (e) I stopped smoking more
than  a year ago (at waves 2 and 3 only); (f) Don’t know/couldn’t say”. For analy-
sis, responses were collapsed into current smoker (a–c) or ex-smoker (d and e); (f)
was excluded. Based on responses across the three waves, change in smoking status
across the waves was categorised as: smoker throughout; ex-smoker throughout;
relapsed to smoking; stopped smoking. For n = 33 (2.7%) with more than one change
in  smoking status over the three waves, change from wave 2 to 3 was used to predict
perceived relative harm at wave 3 (aim 2).
2.3. Analysis
Characteristics of those successfully followed up and those lost to follow-up
were compared using chi-square statistics and a t-test for age.
To  address aim 1, proportions of responses about perceived relative harm across
the  three waves were analysed descriptively. A Friedman test was used to assess
change across all three waves, followed by McNemar tests for comparison between
two  waves. In a sensitivity analysis, the analyses were repeated with the exclusion
of  those responding ‘don’t know’ to the question about perceived relative harm.
To  address aim 2, bivariate and multivariable logistic regressions were used to
assess predictors of perceived relative harm at wave 3. Predictors included in the
regressions models were perceived relative harm at waves 1 and 2, gender, age
(grouped), education and income at wave 1, change in smoking across the waves
and  e-cigarette trial status.
And to address aim 3, bivariate and multivariable logistic regressions were used
to  assess if perceived relative harm among non-e-cigarette users at wave 1 predicted
use of e-cigarettes at wave 2; multivariable regression adjusted for wave 1 gender,
age  (grouped), education, income and smoking status. Analyses were repeated to
assess if perceived relative harm among non-e-cigarette users at wave 2 predicted
use of e-cigarettes at wave 3; the sample available for these analysis was much
smaller (n = 364).
3. Resultsarm of electronic cigarettes over time and impact on subsequent
d. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
3.1. Attrition and sample characteristics
Compared with respondents who  were lost to follow-up
between wave 1 and wave 2, respondents who were followed up at
Lost to follow-up Comparison
t = 13.3, p < 0.001
51.7 2 = 48.9, p < 0.001
36.9 2 = 11.6, p = 0.003
41.1 2 = 4.9, p = 0.027
41.0 2 = 15.9, p < 0.001
70.7 2 = 7.8, p = 0.006
86.6 2 = 0.3, p = 0.60
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Table  2
Wave 1 (2012) and wave 2 (2013) predictors of perceiving e-cigarettes as less harmful than regular cigarettes at wave 3 (2014), n = 1204.
n (% of
1204)
% e-cigarettes less harmful
than cigarettes, 2014
Unadjusted (bivariate) analysis Adjusted (multivariable) analysis
Odds ratio 95% CI Odds ratio 95% CI
Lower Upper p-Value Lower Upper p-Value
E-cigarettes perceived as less
harmful than cigarettes, 2012
802 (66.6) 70.1 3.36 2.62 4.32 <0.001 1.93 1.45 2.57 <0.001
E-cigarettes perceived as less
harmful than cigarettes, 2013
801 (66.5) 75.3 6.85 5.25 8.94 <0.001 5.33 4.00 7.11 <0.001
Male  (referent) 714 (59.3) 61.8 1 1 1 ref 1 1 1 ref
Female 490 (40.7) 58.4 0.87 0.69 1.1 0.24 0.77 0.59 1.01 0.062
Age,  2012 0.004
18-24 (referent) 103 (8.6) 60.2 1 1 1 ref 1 1 1 ref
25-39 275 (22.8) 55.6 0.83 0.52 1.32 0.43 0.96 0.57 1.61 0.87
40-54  390 (32.4) 60.3 1.00 0.64 1.56 0.99 1.36 0.82 2.24 0.23
55  and over 436 (36.2) 63.5 1.15 0.74 1.79 0.53 1.82 1.10 3.01 0.020
Education, 2012 0.22
No  higher education (referent) 765 (63.5) 60.8 1 1 1 ref 1 1 1 ref
Some  higher education 418 (34.7) 60.5 0.99 0.78 1.26 0.93 0.90 0.68 1.21 0.487
Don’t  know/prefer not to say 21 (1.7) 42.9 0.48 0.20 1.16 0.10 0.44 0.17 1.18 0.10
Annual income, 2012 0.71
Up  to £30,000 (referent) 675 (56.1) 60.0 1 1 1 ref 1 1 1 ref
Over  £30,000 417 (34.6) 63.3 1.15 0.89 1.48 0.28 1.09 0.81 1.46 0.59
Don’t  know/prefer not to say 112 (9.3) 51.8 0.72 0.48 1.07 0.10 0.88 0.55 1.42 0.61
E-cigarette status during study
period
<0.001
Never tried (referent) 340 (28.2) 45.0 1 1 1 ref 1 1 1 ref
Reported trial in 2012 451 (37.5) 69.8 2.83 2.11 3.80 <0.001 2.09 1.49 2.93 <0.001
Tried  after 2012 413 (34.3) 62.7 2.06 1.54 2.75 <0.001 1.78 1.27 2.51 0.001
Smoking status during study
period
0.049
Smoker throughout (referent) 893 (74.2) 58.6 1 1 1 ref 1 1 1 ref
Ex-smoker throughout 43 (3.6) 69.8 1.63 0.84 3.17 0.15 1.95 0.88 4.32 0.100
Relapsed to smoking 67 (5.6) 53.7 0.82 0.50 1.35 0.44 0.87 0.49 1.54 0.62
1.5
N
w
c
a
w
T
W
NStopped smoking 201 (16.7) 68.7 
ote: Associations with p < 0.05 in bold
ave 2 were older, less likely to be female, to have any higher edu-Please cite this article in press as: Brose, L.S., et al., Perceived relative h
use. A survey with 1-year and 2-year follow-ups. Drug Alcohol Depen
ation, to have an annual income >£30,000, to perceive e-cigarettes
s less harmful than cigarettes and to have tried e-cigarettes at
ave 1; smoking status did not differ (Table 1). Comparison of
able 3
ave 1 (2012) predictors of wave 2 (2013) e-cigarette use in those not using e-cigarettes
N (% of 1588) % using e-cigarettes, 20
E-cigarettes perceived at least
as harmful as cigarettes or
don’t know (referent)
590 (37.2) 19.2 
E-cigarettes perceived as less
harmful than cigarettes
998 (62.8) 25.4 
Male  (referent) 930 (58.6) 19.7 
Female 658 (41.4) 27.8 
Age  
18–24  (referent) 149 (9.4) 26.2 
25–39  398 (25.1) 27.6 
40–54  498 (31.4) 22.7 
55  and over 543 (34.2) 19.2 
Education
No  higher education
(referent)
1020 (64.2) 22.9 
Some  higher education 531 (33.4) 22.8 
Don’t  know/prefer not to say 37 (2.3) 29.7 
Annual income
Up to £30,000 (referent) 897 (56.5) 24.2 
Over  £30,000 518 (32.6) 22.2 
Don’t  know/prefer not to say 173 (10.9) 19.7 
Smoking status
Ex-smoker (referent) 209 (13.2) 11.5 
Current smoker 1379 (86.8) 24.8 
otes: Associations with p < 0.05 in bold. ‘% using e-cigarettes’ includes any frequency of u5 1.12 2.15 0.009 1.53 1.06 2.20 0.025
those lost to follow-up with those followed up at wave 3 showedarm of electronic cigarettes over time and impact on subsequent
d. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
very similar results to the attrition analysis for wave 2 with the
exception of income which no longer differed (p = 0.63). Key sample
demographics are presented for each analysis in Tables 2 and 3.
 at wave 1, n = 1588.
13 Adjusted Odds ratio 95% Conﬁdence interval
Lower Upper p-Value
1 1 1 ref
1.39 1.08 1.80 0.011
1 1 1 ref
1.55 1.21 1.97 <0.001
0.028
1 1 1 ref
1.17 0.76 1.81 0.48
0.89 0.58 1.36 0.58
0.72 0.47 1.11 0.14
1 1 1 ref
0.94 0.72 1.22 0.64
1.71 0.81 3.60 0.16
1 1 1 ref
0.91 0.69 1.20 0.51
0.82 0.54 1.24 0.35
1 1 1 ref
2.61 1.67 4.07 <0.001
se but not those who reported trial but no current use.
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.2. Aim 1: Perceived relative harm over time
At all three waves, e-cigarettes were perceived as less harmful
han cigarettes by the majority of respondents (Fig. 1). How-
ver, perceived relative harm changed across the three waves
2 = 20.67, p < 0.001); there was no signiﬁcant change from wave
 to wave 2 (p > 0.99), but there was a signiﬁcant decrease from
ave 2 to 3 in the proportion thinking that e-cigarettes were less
armful than cigarettes (2 = 16.55, p < 0.001). In the sensitivity
nalysis excluding don’t know responses, the proportion perceiving
-cigarettes as less harmful than cigarettes decreased in a similar
ashion (n = 705, wave 1: 86.0%; wave 2: 86.4%; wave 3: 78.2%; wave
 versus wave 3: 2 = 28.01, p < 0.001).
.3. Aim 2: Predictors of perceived relative harm
In unadjusted and adjusted analysis, previous perception of e-
igarettes as less harmful, having tried e-cigarettes prior to or
uring the study period, and having stopped smoking during the
tudy period were associated with greater odds for perceiving e-
igarettes as less harmful than cigarettes at wave 3 (Table 2). Being
ged 55 years or over was associated with greater odds for perceiv-
ng e-cigarettes as less harmful than cigarettes at wave 3 only when
djusting for other predictors.
.4. Aim 3: Prediction of subsequent use
Among those not using e-cigarettes at wave 1, 23% used e-
igarettes at wave 2. As described in the methods section, ‘use’
ncluded any frequency of use but not those who  reported trial
ut no current use. Perceiving e-cigarettes to be less harmful than
igarettes at wave 1 predicted use at wave 2 (OR = 1.43, 95% CI: 1.12
o 1.84, p = 0.005). This association remained similar in adjusted
nalysis which also indicated that at wave 2, women and wave 1
mokers were more likely to report use for the ﬁrst time (Table 3).
In the smaller sample available for prediction of use at wave 3,Please cite this article in press as: Brose, L.S., et al., Perceived relative h
use. A survey with 1-year and 2-year follow-ups. Drug Alcohol Depen
he association of perceived relative harm with subsequent use was
eakened. Among those not using e-cigarettes at wave 2, 37.9% of
hose who perceived e-cigarettes as less harmful than cigarettes
eported any use at wave 3, compared with 34.7% of those with anyr bars: 95% conﬁdence intervals using the Wilson procedure (Newcombe, 1998).
other response to perceived relative harm (OR = 1.15, 95% CI: 0.73
to 1.81, p = 0.56). Results were similar when adjusting for wave 2
characteristics (OR = 1.11, 95% CI: 0.70 to 1.78, p = 0.66).
4. Discussion
In a longitudinal survey of smokers and ex-smokers in Great
Britain with annual waves in 2012, 2013 and 2014, there was
a decrease in the proportion of respondents accurately perceiv-
ing e-cigarettes to be less harmful than cigarettes between 2013
and 2014. This perception of e-cigarettes as less harmful was
more likely among older respondents, those who had previously
perceived e-cigarettes to be less harmful than cigarettes, had
tried e-cigarettes, and those who  had successfully stopped smok-
ing during the study period. Accurately perceiving e-cigarettes
as less harmful than cigarettes predicted subsequent use of e-
cigarettes among respondents who  had not previously tried an
e-cigarette, even when adjusting for demographics and smoking
status.
Limitations of this study include the loss to follow-up, contribut-
ing to small sample sizes for some subgroups such as ex-smokers
and relapsed smokers, resulting in reduced conﬁdence in the results
for these groups. Also, some respondents may  have changed their
smoking status more often than reﬂected in the annual surveys.
Another limitation is differential attrition, potentially reducing
generalisabilty to younger, female and more highly educated smok-
ers or recent ex-smokers. Attrition also differed with perceived
relative harm at baseline such that those followed up were less
likely to perceive e-cigarettes as less harmful at baseline than
those lost to follow-up. Differential attrition therefore reduced the
chances of detecting a decrease in the perception of e-cigarettes
as less harmful than cigarettes. The change over time found in
the present data may  thus have been larger with higher follow-up
rates.
Conﬁdence in the present ﬁnding that perceived harm increased
is strengthened by its agreement with ﬁndings from other sur-arm of electronic cigarettes over time and impact on subsequent
d. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
veys from the UK and the US (Action on Smoking and Health
(ASH), 2015; Eastwood et al., 2015; Tan and Bigman, 2014). Cross-
sectional annual surveys of representative samples of smoking and
non-smoking adolescents and adults in Great Britain also found
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igniﬁcant increases in the proportion who considered e-cigarettes
o cause about the same level of harm to the user as cigarettes
rom 2013 to 2015 (Action on Smoking and Health (ASH), 2015;
astwood et al., 2015). In an overview of US surveys, the propor-
ion of US smokers aware of e-cigarettes who perceived them to
e less harmful than cigarettes was smaller in a survey conducted
n 2012/2013 than in surveys conducted in 2010 (Tan and Bigman,
014).
Potential harms of e-cigarettes have been discussed both in rela-
ion to users and bystanders. The question used in the present study
sked about the relative harmfulness of e-cigarettes in general and
id not differentiate between harm to the user or others and did
ot speciﬁcally ask about the harmfulness of switching to, or dual
se of e-cigarettes alongside cigarettes, all of which may  have led to
ifferent ﬁndings. However, similar measures have been utilised in
revious surveys on relative harm of nicotine containing products,
ncreasing the comparability of these ﬁndings (Amrock et al., 2015;
orland et al., 2011; Eastwood et al., 2015; Richardson et al., 2014b;
an and Bigman, 2014). As those studies, the present study was  not
esigned to test a model of behaviour change; internal and external
actors other than perceived harm will have inﬂuenced whether a
espondent used an e-cigarette.
The major strength of this study is that it is the ﬁrst longitudinal
tudy with detailed information on e-cigarette use and perception
f e-cigarettes that followed respondents over two years, which
llowed analysis of factors that inﬂuenced subsequent uptake of
-cigarettes among those who had not used them.
The proportion of current smokers in the 2014 wave of this
urvey who perceived e-cigarettes as less harmful was about
8%. In comparison, a monthly household survey of the popu-
ation in England, estimated that only 44.1% of current smokers
urveyed between November, 2014 and March, 2015 believed
hat e-cigarettes were less harmful than cigarettes (Brown et al.,
015). The difference may  be related to differences in recruit-
ent (online versus face-to-face), design (longitudinal vs. repeated
ross-sectional) or the sampling of different countries (all of Great
ritain vs. England only). We  have no information about why per-
eption of relative harm changed, and can only speculate that this
ay  be due to a predominance of reports and discussions focusing
n the risks of e-cigarettes without comparison to the much greater
isks posed by cigarettes.
The ﬁnding that perceptions predicted subsequent use extends
revious cross-sectional ﬁndings showing associations of e-
igarette use and harm perception (Adkison et al., 2013; Amrock
t al., 2015; Pokhrel et al., 2015; Richardson et al., 2014b). The
resent study further extends these ﬁndings by showing that a
hange in behaviour, i.e. initiating trial of e-cigarettes or stopping
moking affected subsequent harm perception. Findings are in line
ith previous associations of risk perception and use found for
mokeless tobacco and nicotine replacement therapy (O’Connor
t al., 2007; Shiffman et al., 2008). An interesting additional ﬁnd-
ng of the present study not related to the research questions is
hat smokers were more likely to take up e-cigarettes during the
ubsequent year than non-users who were already ex-smokers at
aseline, suggesting a reduced risk for existing ex-smokers to ini-
iate e-cigarette use.
The present ﬁndings suggest that misperceptions of relative
arm may  impede switching. If e-cigarette use was avoided in
avour of stopping nicotine use entirely, smokers’ health would
eneﬁt, however, the risk is that smokers continue smoking
nstead. One recent US survey for example found that a sub-
tantial proportion of respondents who had tried an e-cigarettePlease cite this article in press as: Brose, L.S., et al., Perceived relative h
use. A survey with 1-year and 2-year follow-ups. Drug Alcohol Depen
eported that health concerns had led them to stop e-cigarette
se; all continued smoking instead (Biener and Hargraves, 2015).
mportantly, all smokers, including e-cigarette users who continue
moking cigarettes should be given advice and be supported to stop PRESS
pendence xxx (2015) xxx–xxx 5
smoking cigarettes using the best available evidence (e.g., Aveyard
et al., 2012; Fiore et al., 2008; West et al., 2000).
5. Conclusion
Among a cohort of smokers and ex-smokers, accurately perceiv-
ing e-cigarettes as less harmful than smoking predicted subsequent
e-cigarette use in never-users; this perception declined over time.
Clear and balanced information on the relative harm of e-cigarettes
and cigarettes is needed.
Funding and role of the funding source
All authors are part of the UK Centre for Tobacco and Alco-
hol Studies, a UK Clinical Research Collaboration Public Health
Research: Centre of Excellence. Funding from the Medical Research
Council, British Heart Foundation, Cancer Research UK,  Economic
and Social Research Council and the National Institute for Health
Research under the auspices of the UK Clinical Research Col-
laboration is gratefully acknowledged (MR/K023195/1). Cancer
Research UK (C25586/A19540) have partly funded the work for this
manuscript. JB’s post is funded by a fellowship from the UK Soci-
ety for the Study of Addiction. The funders played no role in the
study design, collection, analysis and interpretation of the data, in
the writing of the manuscript and in the decision to submit this
manuscript for publication.
Contributors
AM conceived of the survey in collaboration with Professor
Robert West and with input on the design from JB, SH and LB. All
authors contributed to the statistical analysis plan. LB conducted
the analysis, and drafted and revised the manuscript. SH, JB & AM
provided signiﬁcant input in re-drafting. All authors contributed to
and have approved the ﬁnal manuscript.
Conﬂict of interest statement
JB has received an unrestricted grant from Pﬁzer. LB, SH and AM
have no relationships with companies that might have an interest
in the submitted work. There are no other ﬁnancial relationships
with any organizations that might have an interest in the submitted
work, particularly electronic cigarette or tobacco companies, and
there are no other relationships or activities that could appear to
have inﬂuenced the submitted work.
Acknowledgements
We thank the International Tobacco Control project and the
Smoking Toolkit Study for survey questions. We thank Professor
Robert West who  conceived of the survey in collaboration with AM.
References
Action on Smoking and Health (ASH), 2015. ASH Fact Sheet: Use of Electronic
Cigarettes (Vapourisers) Among Adults in Great Britain,
〈http://www.ash.org.uk/ﬁles/documents/ASH 891pdf〉 (accessed 23 July 2015).
Adkison, S.E., O’Connor, R.J., Bansal-Travers, M.,  Hyland, A., Borland, R., Yong, H.H.,
Cummings, K.M., McNeill, A., Thrasher, J.F., Hammond, D., Fong, G.T., 2013.
Electronic nicotine delivery systems: international tobacco control
four-country survey. Am. J. Prev. Med. 44, 207–215.
Amrock, S.M., Zakhar, J., Zhou, S., Weitzman, M.,  2015. Perception of e-cigarette
harm and its correlation with use among U.S. adolescents. Nicotine Tob. Res.arm of electronic cigarettes over time and impact on subsequent
d. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
17, 330–336.
Aveyard, P., Begh, R., Parsons, A., West, R., 2012. Brief opportunistic smoking
cessation interventions: a systematic review and meta-analysis to compare
advice to quit and offer of assistance. Addiction (Abingdon, England) 107,
1066–1073.
 ING ModelD
6 hol De
B
B
B
B
B
B
B
B
B
B
B
B
C
D
E
F
F
F
G
GARTICLEAD-5783; No. of Pages 6
 L.S. Brose et al. / Drug and Alco
BC, 2014. Man  Killed as E-Cigarette ‘Explodes’ Merseyside Fire Service Says,
〈http://www.bbc.co.uk/news/uk-england-merseyside-28701515〉 (accessed on
20th March 2015).
BC, 2015. Poole Parkstone Road Flats Evacuated After E-Cigarette Fire,
〈http://www.bbc.co.uk/news/uk-england-dorset-26262633〉 (accessed 20th
March 2015).
anks, E., Joshy, G., Weber, M.F., Liu, B., Grenfell, R., Egger, S., Paige, E., Lopez, A.D.,
Sitas, F., Beral, V., 2015. Tobacco smoking and all-cause mortality in a large
Australian cohort study: ﬁndings from a mature epidemic with current low
smoking prevalence. BMC  Med. 13, 281.
auld, L., Angus, K., de Andrade, M.,  2014. E-Cigarette Uptake and Marketing. A
Report Commissioned By Public Health England.
enowitz, N.L., 2009. Pharmacology of nicotine: addiction, smoking-induced
disease, and therapeutics. Ann. Rev. Pharmacol. Toxicol. 49, 57–71.
iener, L., Hargraves, J.L., 2015. A longitudinal study of electronic cigarette use
among a population-based sample of adult smokers: association with smoking
cessation and motivation to quit. Nicotine Tob. Res. 17, 127–133.
lack, A., Beard, E., Brown, J., Fidler, J., West, R., 2012. Beliefs about the harms of
long-term use of nicotine replacement therapy: perceptions of smokers in
England. Addiction (Abingdon, England) 107, 2037–2042.
orland, R., Cooper, J., McNeill, A., O’Connor, R., Cummings, K.M., 2011. Trends in
beliefs about the harmfulness and use of stop-smoking medications and
smokeless tobacco products among cigarettes smokers: ﬁndings from the ITC
four-country survey. Harm Reduct. J. 8, 21.
ritton, J., Bogdanovica, I., 2014. Electronic Cigarettes—A Report Commissioned By
Public Health England. Crown Copyright, London.
rose, L.S., Hitchman, S.C., Brown, J., West, R., McNeill, A., 2015. Is the use of
electronic cigarettes while smoking associated with smoking cessation
attempts, cessation and reduced cigarette consumption? A survey with a
1-year follow-up. Addiction (Abingdon, England) 110, 1160–1168.
rown, J., West, R., Beard, E., 2015. Smoking Toolkit Study. Trends in Electronic
Cigarette Use in England,
〈http://www.smokinginengland.info/latest-statistics/〉 (accessed 23 July 2014).
rown, J., West, R., Beard, E., Michie, S., Shahab, L., McNeill, A., 2014. Prevalence
and characteristics of e-cigarette users in Great Britain: ﬁndings from a general
population survey of smokers. Addict. Behav. 39, 1120–1125.
heng, T., 2014. Chemical evaluation of electronic cigarettes. Tob. Control 23
(Suppl. 2), ii11–ii-L17.
oll, R., Peto, R., Boreham, J., Sutherland, I., 2004. Mortality in relation to smoking:
50 years’ observations on male British doctors. BMJ 328, 1519.
astwood, B., Dockrell, M.,  Arnott, D., Britton, J., Cheeseman, H., Jarvis, M.,  McNeill,
A.,  2015. Electronic cigarette use in young people in Great Britain 2013–2014.
Public Health 129, 1150–1156.
arsalinos, K.E., Polosa, R., 2014. Safety evaluation and risk assessment of
electronic cigarettes as tobacco cigarette substitutes: a systematic review.
Ther. Adv. Drug Saf. 5, 67–86.
idler, J.A., Shahab, L., West, O., Jarvis, M.J., McEwen, A., Stapleton, J.A., Vangeli, E.,
West, R., 2011. ‘The smoking toolkit study’: a national study of smoking and
smoking cessation in England. BMC  Public Health 11, 479.
iore, M.C., Jaen, C.R., Baker, T.B.e.a., 2008. Treating Tobacco Use and Dependence:
2008 Update. U.S. Department of Health and Human Services, Public Health
Service, Rockville, MD.
oniewicz, M.L., Knysak, J., Gawron, M.,  Kosmider, L., Sobczak, A., Kurek, J.,Please cite this article in press as: Brose, L.S., et al., Perceived relative h
use. A survey with 1-year and 2-year follow-ups. Drug Alcohol Depen
Prokopowicz, A., Jablonska-Czapla, M.,  Rosik-Dulewska, C., Havel, C., Jacob 3rd,
P., Benowitz, N., 2014. Levels of selected carcinogens and toxicants in vapour
from electronic cigarettes. Tob. Control 23, 133–139.
rana, R., Benowitz, N., Glantz, S.A., 2014. E-cigarettes: a scientiﬁc review.
Circulation 129, 1972–1986. PRESS
pendence xxx (2015) xxx–xxx
Hitchman, S.C., Brose, L.S., Brown, J., Robson, D., McNeill, A., 2015. Associations
between e-cigarette type, frequency of use, and quitting smoking: ﬁndings
from a longitudinal online panel survey in Great Britain. Nicotine Tob. Res. 17,
1187–1194.
Kosmider, L., Sobczak, A., Fik, M.,  Knysak, J., Zaciera, M.,  Kurek, J., Goniewicz, M.L.,
2014. Carbonyl compounds in electronic cigarette vapors: effects of nicotine
solvent and battery output voltage. Nicotine Tob. Res. 16, 1319–1326.
Letter from 56 Specialists in Nicotine Science and Public Health Policy, 26 May
2014. Reducing The Toll Of Death And Disease From Tobacco–Tobacco Harm
Reduction And The Framework Convention On Tobacco Control (FCTC). To Dr
Margaret Chan, Director General World Health Organisation.
〈http://nicotinepolicy.net/documents/letters/MargaretChan.pdf〉 (accessed 12
October 2015).
Letter from 129 Signatories, 16 June 2014. To Dr Margaret Chan, Director General
World Health Organization.
〈https://tobacco.ucsf.edu/sites/tobacco.ucsf.edu/ﬁles/u9/Chan-letter-
June16%20PST%20FINAL%20with%20129%20sigs.pdf〉.
McCarthy, M.,  2014. Youth exposure to e-cigarette advertising on US television
soars. BMJ  348, g3703.
McMillen, R.C., Gottlieb, M.A., Shaefer, R.M., Winickoff, J.P., Klein, J.D., 2014. Trends
in electronic cigarette use among U.S. adults: use is increasing in both smokers
and nonsmokers. Nicotine Tob. Res. 17, 1195–1202.
McNeill, A., Etter, J.F., Farsalinos, K., Hajek, P., le Houezec, J., McRobbie, H., 2014. A
critique of a WHO-commissioned report and associated article on electronic
cigarettes. Addiction. (Abingdon, England) 109 (12), 2128–2134.
Meikle, J., 2014. E-cigarette Poisoning Figures Soar as Vaping Habit Spreads across
UK, 〈http://www.theguardian.com/society/2014/apr/14/e-cigarette-
poisoning-ﬁgures-soar-adults-children〉 (accessed 20th March
2015).
Newcombe, R.G., 1998. Two-sided conﬁdence intervals for the single proportion:
comparison of seven methods. Stat. Med. 17, 857–872.
Nutt, D.J., Phillips, L.D., Balfour, D., Curran, H.V., Dockrell, M., Foulds, J., Fagerstrom,
K.,  Letlape, K., Milton, A., Polosa, R., Ramsey, J., Sweanor, D., 2014. Estimating
the harms of nicotine-containing products using the MCDA approach. Eur.
Addict. Res. 20, 218–225.
O’Connor, R.J., McNeill, A., Borland, R., Hammond, D., King, B., Boudreau, C.,
Cummings, K.M., 2007. Smokers’ beliefs about the relative safety of other
tobacco products: ﬁndings from the ITC collaboration. Nicotine Tob. Res. 9,
1033–1042.
Pokhrel, P., Fagan, P., Kehl, L., Herzog, T.A., 2015. Receptivity to e-cigarette
marketing, harm perceptions, and e-cigarette use. Am. J. Health Behav. 39,
121–131.
Richardson, A., Ganz, O., Vallone, D., 2014a. Tobacco on the web: surveillance and
characterisation of online tobacco and e-cigarette advertising. Tob. Control 24,
341–347.
Richardson, A., Pearson, J., Xiao, H., Stalgaitis, C., Vallone, D., 2014b. Prevalence,
harm perceptions, and reasons for using noncombustible tobacco products
among current and former smokers. Am. J. Public Health 104,
1437–1444.
Shiffman, S., Ferguson, S.G., Rohay, J., Gitchell, J.G., 2008. Perceived safety and
efﬁcacy of nicotine replacement therapies among US smokers and ex-smokers:
relationship with use and compliance. Addiction (Abingdon, England) 103,
1371–1378.arm of electronic cigarettes over time and impact on subsequent
d. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.10.014
Tan, A.S., Bigman, C.A., 2014. E-cigarette awareness and perceived harmfulness:
prevalence and associations with smoking-cessation outcomes. Am.  J. Prev.
Med. 47, 141–149.
West, R., McNeill, A., Raw, M.,  2000. Smoking cessation guidelines for health
professionals: an update. Thorax 55, 987–999, Health Education Authority.
